Semi-Equivelar maps are generalizations of Archimedean solids to the surfaces other than 2-sphere. In earlier work a complete classification of semi-equivelar map of type (3 5 , 4) on the surface of Euler characteristic −1 was given. In the meantime Karabas an Nedela classified vertex transitive semi-equivelar maps on the double torus. In this article we study the types of semi-equivelar maps on double torus that are also available on the surface of Euler characteristic −1. We classify them and show that none of them are vertex transitive.
Introduction
A triangulation of a surface is called d-covered if each edge of the triangulation is incident with a vertex of degree d. We got interested in studying the content presented in this article while attempting to answer a question of Negami and Nakamoto [17] about existence of d-covered triangulations for closed surfaces. We had answered their question in affirmative [19] for the surfaces of Euler characteristic −127 ≤ χ ≤ −2 and further became interested in looking at what happens for surfaces with χ = −1. It was here that due to curvature considerations of this surface we had to construct a map on this surface which we named as Semi-equivelar map [23] . Such maps have also been studied in various forms (see [1] , [7, 8, 12, 11] ). In the meantime we came to learn that Nedela and Karabas [13] , [14] have worked along similar lines and classified all the vertex transitive Archimedean maps on orientable surfaces of Euler characteristics −2, −4 and −6 (see also [15] ). In type (a p , b q , ...., m r ). In [22] , maps with face sequence (3 3 , 4 2 ) and (3 2 , 4, 3, 4) have been considered.
Let EG(K) be the edge graph of a map K and V (K) = {v 1 , v 2 , . . . , v n }. Let L K (v i ) = {v j ∈ V (K) : v i v j ∈ EG(K)}. For 0 ≤ t ≤ n define a graph G t (K) with V (G t (K)) = V (K) and v i v j ∈ EG(G t (K)) if |L K (v i ) L K (v j )| = t. In other words the number of elements in the set L K (v i ) L K (v j ) is t. This graph was introduced in [6] by B. Datta. Moreover if K and K ′ are two isomorphic maps then G i (K) ∼ = G i (K ′ ) for each i. We have used these graphs in this article to determine whether two SEMs are isomorphic?
In the article [23] it has been shown that :
Proposition 1.1 There exactly three non isomorphic semi equivelar maps of type (3 5 , 4) on the surface of Euler characteristic −1.
✷.
In the present article we show : Lemma 1.1 If K is a semi-equivelar map of type (3, 4, 8, 4) on the surface of Euler characteristic −1 then K is isomorphic to K 1 (3, 4, 8, 4) or K 2 (3, 4, 8, 4) given in example Section 2. (4, 6, 16) on the surface of Euler characteristic −1, then M is isomorphic to M 1 (4, 6, 16) or M 2 (4, 6, 16) given in example Section 2. Lemma 1.3 If N is a semi-equivelar map of type (6 2 , 8) on the surface of Euler characteristic −1, then N is isomorphic to N 1 (6 2 , 8) or N 2 (6 2 , 8) given in example Section 2.
Lemma 1.2 If M is a semi-equivelar map of type
Thus from the above Proposition 1.1 and Lemma 1.1, 1.2, 1.3 it follows that : Theorem 1.1 There are at least nine non-isomorphic semi-equivelar maps on the surface of Euler characteristic −1.
✷
In the article we also show that : Theorem 1.2 There exist no semi-equivelar maps of types (3 4 , 8) , (3 2 , 4, 3, 6) , (3, 6, 4, 6) , (4 3 , 6) and (4, 8, 12) on the surface of Euler characteristics -1.
The article is organized in the following manner. In next section, we present examples of semi-equivelar maps on the surface of Euler characteristic −1. In the section, we describe the results and their proofs. We conclude the article by presenting a tabulated list of semi-equivelar maps on the surface of Euler characteristic −1. (4, 6, 16) K 2 (3, 4, 8, 4) N 2 (6 2 , 8) Claim 1 N 1 (6 2 , 8) ≇ N 2 (6 2 , 8) and K 1 (3, 4, 8, 4 ) ≇ K 2 (3, 4, 8, 4) , also N 1 (6 2 , 8) , N 2 (6 2 , 8), K 1 (3, 4, 8, 4) and K 2 (3, 4, 8, 4) are not vertex transitive.
Proof : Consider the graphs EG (G 12 (N 1 (6 2 , 8))) = { [0, 7] , [3, 4] , [8, 13] , [11, 12] , [15, 16] , [22, 23] }, EG(G 12 (N 2 (6 2 , 8))) = { [4, 5] , [18, 19] , [21, 22] }, EG(G 2 (K 1 (3, 4, 8, 4) )) = C 12 (1, 10, 12, 6, 19, 18, 2, 21, 14, 5, 23, 17) ∪ C 6 (4, 13, 9, 7, 20, 15) and EG(G 2 (K 2 (3, 4, 8, 4) )) = C 21 (0, 8, 21, 3, 12, 10, 1, 18, 20, 6, 15, 22, 2, 17, 19, 7, 9, 13, 5, 16, 11) . From these graphs and discussions in Chapter 1 (page 12) it is evident that N 1 (6 2 , 8) ≇ N 2 (6 2 , 8) and K 1 (3, 4, 8, 4 ) ≇ K 2 (3, 4, 8, 4) . Also from these graphs one can deduce that above four maps are not vertex transitive. This proves the claim. ✷ Claim 2 M 1 (4, 6, 16 ) ≇ M 2 (4, 6, 16) and M 1 (4, 6, 16) , M 2 (4, 6, 16) are not vertex transitive.
Proof : Let A(EG(M 1 )) and A(EG(M 2 )) denote the adjacency matrices associated to edge graphs of M 1 (4, 6, 16) and M 2 (4, 6, 16) , respectively. Let P 1 (x) and P 2 (x) denote the characteristic polynomials of A(EG(M 1 )) and A(EG(M 2 )) respectively. If the map M 1 (4, 6, 16) and M 2 (4, 6, 16) are isomorphic then P 1 (x) = P 2 (x), (see [16] ). We have (using Maple) : (4, 6, 16) . Also, we have EG(G 15 (M 1 (4, 6, 16) (4, 6, 16) )) = C 8 (0, 2, 4, 6, 8, 10, 12, 14) ∪ C 8 (1, 3, 5, 7, 9, 11, 13, 15 ) ∪ C 8 (16, 18, 22, 24, 26, 28, 30, 32 ) ∪ C 8 (17, 21, 23, 25, 27, 29, 31, 33 ) ∪ C 8 (19, 35, 37, 39, 41, 43, 45, 47 ) ∪ C 8 (20, 36, 38, 40, 42, 44, 46, 34) . Let α ∈ Aut(M 1 (4, 6, 16) ) such that α(1) = 2 then α induces an automorphism on EG(G 15 (M 1 (4, 6, 16) )). So α{3, 15} = {0, 4}. This implies α(3) = 0 or 4. But from the links of 1 and 2 it is easy to see that α(3) = 0. So we have α(3) = 4, this implies α(13) = 6 and α(35) = 20. From α(35) → 20 we get α(42) = 43. Now considering lk(42) and lk(43) and the map α(42) → 43, we see that α(13) = 14, a contradiction. Thus there is no automorphism which maps 1 to 2. Hence M 1 (4, 6, 16) is not vertex transitive. Similarly for M 2 (4, 6, 16) we get no automorphism such that α(1) = 2. This proves the Claim 2. ✷ 3 Enumeration of SEMs on the surface of Euler characteristic −1
Considering Euler characteristic equation, it is easy to see that semi-equivelar maps of types (3 4 , 4 2 ) and (3, 4 4 ) do not exist on the surface of Euler characteristic −1. As, in these cases number of vertices required to complete a link of a vertex are more than the number of vertices of the SEMs. From the study of remaining eight types: (3 4 , 8) , (3 2 , 4, 3, 6) , (3, 4, 8, 4) , (3, 6, 4, 6) , (4 3 , 6) , (4, 6, 16) , (4, 8, 12) Assume without loss of generality that lk(0) = C 10 ( [1, 2, 3, 4, 5, 6, 7] , 8, 9, 10) . This implies lk(7) = C 10 ( [6, 5, 4, 3, 2, 1, 0], 8, a, b) for some a, b ∈ V . One can see that (a, b) ∈ { (10, 9) , (11, 12) }. In the first case when (a, b) = (10, 9) then considering lk (10) we see that 1 lies in two octagonal faces, which is not allowed. In second case when (a, b) = (11, 12) then we get lk(7) = C 10 ([0, 1, 2, 3, 4, 5, 6], 12, 11, 8) , lk(6) = C 10 ( [7, 0, 1, 2, 3, 4, 5], 14, 13, 12) , lk(5) = C 10 ( [6, 7, 0, 1, 2, 3, 4] , 16, 15, 14) , lk(4) = C 10 ( [5, 6, 7, 0, 1, 2, 3], 18, 17, 16) , lk(3) = C 10 ( [4, 5, 6, 7, 0, 1, 2], 20, 19, 18) , lk(2) = C 10 ( [3, 4, 5, 6, 7, 0, 1], 22, 21, 20) and lk(1) = C 10 ( [2, 3, 4, 5, 6, 7, 0], 10, 23, 22) . This implies lk(8) = C 10 ( [9, c, d, e, f, g, h] , 11, 7, 0) or lk(8) = C 10 ([c, d, e, f, g, h, 11], 7, 0, 9) for some c, d, e, f, g, h ∈ V . But these two are isomorphic by the map (0, 7)(1, 6)(2, 5)(3, 4)(9, 11)(10, 12) (13, 23) (14, 22) (15, 21) (16, 20) (17, 19) . Therefore, it is enough to consider lk(8) = C 10 ( [9, c, d, e, f, g, h], 11, 7, 0) . Then we obtain the partial picture of the map M as shown in Figure I . Let V (O i ), for i = 1, 2, 3, denote the vertex set of an octagonal face O i then it is easy to see that V (O 1 ) = {0, 1, 2, 3, 4, 5, 6 , 7}, V (O 2 ) = {8, 9, 13, 14, 17, 18, 21, 22} and V (O 3 11, 12, 15, 16, 19, 20, 23}. In this case we see that (h, g) ∈ { (17, 18) , (21, 22) }.
If (h, g) = (17, 18) then lk(8) = C 10 ( [9, c, d, e, f, 18, 17], 11, 7, 0) , lk(17) = C 10 ( [8, 9, c, d, e, f, 18], 4, 16, 11) and lk(18) = C 10 ( [17, 8, 9, c, d, e, f ], 19, 3, 4) , where f ∈ {13, 21}. If f = 13 then e = 14 and (c, d) ∈ { (21, 22) , (22, 21) }. In case (c, d) = (21, 22) , successively considering lk (18) , lk (13) and lk (14) we get deg(22) > 5. A contradiction. On the other hand when (c, d) = (22, 21) then successively considering lk (18) , lk (13) , lk (14) , lk (21) , lk (22) , lk (9) , lk (8) and lk (17) , we get C 4 (0, 1, 23, 9) ⊆ lk (10) . Again, a contradiction. Also for f = 21, considering lk (18) we see lk (21) can not be completed. So (h, g) = (17, 18) .
If (h, g) = (21, 22) then f ∈ {13, 17}. In the first case when f = 13 then we have e = 14 and (c, d) = (18, 17) , now considering lk (14) and lk(17) successively we get a triangular face [15, 16, 17] in M . This is not possible. So f = 13. On the other hand when f = 17 then e = 18 and (c, d) = (14, 13) , now successively considering lk (18) , lk (13) , lk (14) , lk (9) , lk (8) , lk (21) , lk (22) and lk (17) , one can see that lk (10) can not be completed. So (h, g) = (21, 22) and thus the lemma is proved. ✷ Proof : Let G be a SEM of type (3 2 , 4, 3, 6) 
and H(G) denote the number of edges, number of triangular faces, number of quadrangular faces and number of hexagonal faces in the map G, respectively, then it is easy to see that
and H(G) = |V | 6 . By Euler's equation we see, if the map exists then |V | = 12. Let V = V (G) = {0, 1, . . . , 11}. Now, we prove the lemma by exhaustive search for all G. Assume that lk(0) = C 11 ([1, 2, 3, 4, 5], 6, 7, 8, 9) then lk(7) = C 11 ([a, b, c, d, e], 6, 0, 9, 8) or lk(7) = C 11 ([6, a, b, c, d ], e, 8, 9, 0) for some a, b, c, d, e ∈ V . But, for both the cases we need more than twelve vertices to complete lk(7). This is not allowed. So the map does not exist. ✷ Lemma 3.3 There exists no SEM of type (3, 6, 4, 6) on the surface of Euler characteristic −1.
Proof : Let E be a SEM of type (3, 6, 4, 6) 
. By Euler's equation we see, if the map exists then |V | = 12. For this, let V = V (E) = {0, 1, . . . , 11}. Now, we prove the lemma by exhaustive search for all E. For this assume that lk(0) = C 11 ([1, 2, 3, 4, 5] , [6, 7, 8, 9, 10] , 11), then lk(1) = C 11 ([0, 5, 4, 3, 2] , [a, b, c, d, 11] , 10) for some a, b, c, d ∈ V . Now, it is easy to see that lk (1) 
. By Euler's equation we see if the map exists then |V | = 12. For this, let V = V (F ) = {0, 1, . . . , 11}. Now we prove the lemma by exhaustive search for all F . Assume that lk(0) = C 11 ([1, 2, 3, 4, 5], 6, 7, 8, 9, 10) . This implies, lk(7) = C 11 ([b, c, d, e, 6], 5, 0, 9, 8, a) or lk(7) = C 11 ([b, c, d, e, 8], 9, 0, 5, 6, a) for some a, b, c, d, e ∈ V . Then for both the cases of lk (7) we need more than twelve vertices to complete. But this is not allowed. So we do not get the required map. Thus the lemma is proved. ✷ Lemma 3.5 There exists no SEM of type (4, 8, 12) on the surface of Euler characteristic −1.
Proof : Let M be a SEM of type (4, 8, 12) 
12 . By Euler's equation we see, if the map exists then |V | = 24. For this, let V = V (M ) = {0, 1, . . . , 23}. Now we proceed as follows. Assume that lk(0) = C 18 ([1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11], 12, [13, 14, 15, 16, 17, 18] ). This implies lk(1) = C 18 ([0, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2], 19, [18, 17, 16, 15, 14, 13] ) and lk(2) = C 18 ([3, 4, 5, 6, 7, 8, 9, 10, 11, 0, 1], 18, [19, a, b, c, d, e] ) for some a, b, c, d, e ∈ V . Observe that a ∈ {12, 20}. If a = 12 then b = 13, for otherwise deg(12) > 3. But, then 13 appears in two octagonal faces, which is not allowed. So we have a = 20, this implies b ∈ {12, 21}. If b = 12 then c = 13 and we get 13 in two octagonal faces. So b = 21, this implies c ∈ {12, 22}. In case c = 12, d = 13. This implies 13 appears in two octagonal faces. If c = 22 then d = 23, now we see that e has no suitable value in V so that lk(2) can be completed. So, the required map does not exist.
Proof of Theorem 1.2 : The proof of Theorem 1.2 follows from Lemmas 3.1, 3.2, 3.3, 3.4 and 3.5 . ✷ Proof of Lemma 1.1 : Let K be a SEM of type (3, 4, 8, 4) Let lk(0) = C 11 ([1, 2, 3, 4, 5, 6, 7], 8, [9, 10] , 11), this implies lk(9) = C 11 ([b, c, d, e, f, g, 8], 7, [0, 10] , a) and lk(10) = C 11 ([11, l, k, j, i, h, a] , 12, [9, 0] , 1) for some a, b, c, d, e, f, g, h, i, j, k, l ∈ V . Observe that b = 12 and a = 13, then octagonal faces of the map K are, , 2, 3, 4, 5, 6, 7] , O 2 = [8, 9, 12, c, d, e, f, g] and O 3 = [13, 10, 11, l, k, j, i, h] . As, these faces share no vertex with each other, successively we get c = 14, d = 15, e = 16, f = 17, g = 18, l = 19, k = 20, j = 21, i = 22 and h = 23. This implies lk(9) = C 11 ([12, 14, 15, 16, 17, 18, 8], 7, [0, 10] , 13), lk(10) = C 11 ([11, 19, 20, 21, 22, 23, 13], 12, [9, 0] , 1) and lk(8) = C 11 ([18, 17, 16, 15, 14, 12, 9] , 0, [7, x] , y) for some x, y ∈ V . In this case, (x, y) ∈ { (19, 11) , (19, 20) , (20, 19) , (20, 21) , (21, 20) , (21, 22) , (22, 21) , (22, 23) , (23, 13) , (23, 22) }. If (x, y) = (23, 13) then considering lk (8) and lk (13) successively we see 12 18 as an edge and a non-edge both. Also, (19, 20) ∼ = (23, 13) ; (20, 19 ) ∼ = (22, 21) and (20, 21 ) ∼ = (22, 23) by the map (0, 9) (1, 12) (2, 14) (3, 15) (4, 16) (5, 17) (6, 18) (7, 8) (11, 13) (19, 23) (20, 22) ; (20, 19 ) ∼ = (21, 22) by the map (0, 8) (1, 18) (2, 17) (3, 16) (4, 15) (5, 14) (6, 12) (7, 9) (10, 21) (11, 22) (13, 20) (19, 23) ; (19, 11) ∼ = (21, 20) by the map (0, 8)(1, 18)(2, 17)(3, 16)(4, 15)(5, 14)(6, 12)(7, 9)(10, 21) (11, 20) (13, 22) . So, it is enough to search the map for (x, y) ∈ { (19, 11) , (20, 19) , (20, 21) , (23, 22) }.
When (x, y) = (20, 19) then lk(8) = C 11 ([9, 12, 14, 15, 16, 17, 18], 19, [20, 7] , 0), lk(7) = C 11 ([0, 1, 2, 3, 4, 5, 6] , 21, [20, 8] , 9), lk(20) = C 11 ([21, 22, 23, 13, 10, 11, 19], 18, [8, 7] , 6) and lk(21) = C 11 ([22, 23, 13, 10, 11, 19, 20], 7, [6, m] , n) for some m, n ∈ V . In this case (m, n) ∈ { (14, 15) , (15, 14) , (15, 16) , (16, 15) , (16, 17) , (17, 16) }. But (14, 15 ) ∼ = (16, 15) by the map (0, 6)(1, 5)(2, 4) (8, 20) (9, 21)(10, 16) (11, 17) (12, 22) (13, 15) (14, 23) (18, 19) , so we consider the following subcases.
When (m, n) = (15, 14) then successively considering lk (21), lk (15), lk (6) and lk (16) one can see that lk (17) can not be completed. When (m, n) = (15, 16) then completing lk (21), lk (15) and lk (6) we get lk(5) = C 11 ([4, 3, 2, 1, 0, 7, 6] , 15, [14, 23] , p) for some p ∈ V . Observe that, p ∈ {13, 22}. But, for both values of p considering lk (14) and lk (23) successively we see that lk (12) can not be completed. So (m, n) = (15, 16) . When (m, n) = (16, 15) then completing lk (21), lk (16) and lk (6), we get lk(17) = C 11 ([18, 8, 9, 12, 14, 15, 16], 6, [5, 23] , p) for some p ∈ V . Now, proceeding as in previous case, we see that the map does not exist. When (m, n) = (16, 17) then lk(21) = C 11 ([22, 23, 13, 10, 11, 19, 20] , 7, [6, 16] , 17). Now completing lk (16) and lk (6), we get lk(5) = C 11 ([4, 3, 2, 1, 0, 7, 6], 16, [15, 23] , p) for some p ∈ {13, 22}. In the first case when p = 13 then considering lk (5) and lk (13) successively we see that lk (15) can not be completed while for p = 22, considering lk (22), lk (15) and lk (13) successively we get C 9 (8, 9, 10, 13, 14, 15, 16, 17, 18) ⊆ lk (12) . A contradiction. So, (m, n) = (16, 17) . When (m, n) = (17, 16) then lk(21) = C 11 ([22, 23, 13, 10, 11, 19, 20] , 7, [6, 17] , 16). Now successively considering lk(6), lk (17) , lk (18) , lk(5) and lk (11) we see 14 as an edge and a non-edge both. So (m, n) = (17, 16) . Thus for (x, y) = (20, 19) the required map does not exist. Case 1 : If (x, y) = (19, 11) then successively we get lk(8) = C 11 ([18, 17, 16, 15, 14, 12, 9] , 0, [7, 19] , 11), lk(7) = C 11 ([0, 1, 2, 3, 4, 5, 6], 20, [19, 8] , 9), lk(19) = C 11 ([20, 21, 22, 23, 13, 10, 11], 18, [8, 7] , 6), lk(11) = C 11 ([19, 20, 21, 22, 23, 13, 10] , 0, [1, 18], 8) , lk(1) = C 11 ([0, 7, 6, 5, 4, 3, 2] , 17, [18, 11] , 10), lk(18) = C 11 ([17, 16, 15, 14, 12, 9, 8], 19, [11, 1] , 2) and lk(6) = C 11 ([5, 4, 3, 2, 1, 0, 7], 19, [20, m] , n) for some m, n ∈ V . In this case, (m, n) ∈ { (14, 12) , (14, 15) , (15, 14) , (15, 16) , (16, 15) , (16, 17) }. If (m, n) = (16, 17) then considering lk (17) we see 25 as an edge and a non-edge both and, if (m, n) = (14, 15) then considering lk (6) and lk (20) successively we see that lk (21) can not be completed. For the remaining values of (m, n), we have following subcases. Subcase 1.1 : When (m, n) = (15, 14) then lk(6) = C 11 ([5, 4, 3, 2, 1, 0, 7], 19, [20, 15], 14) , lk(15) = C 11 ([16, 17, 18, 8, 9, 12, 14] , 5, [6, 20] , 21) and lk(20) = C 11 ([21, 22, 23, 13, 10, 11, 19], 7, [6, 15], 16) . This implies lk(21) = C 11 ([22, 23, 13, 10, 11, 19, 20], 15, [16, o] , p) for some o, p ∈ V . Observe that (o, p) ∈ {(3, 2), (3, 4) , (4, 3) , (4, 5) }. In case (o, p) ∈ {(3, 2), (3, 4) } considering lk (21) , lk (16) and lk(3) successively we see that lk(4) or lk (17) can not be completed. If (o, p) = (4, 3) then considering lk (21) , lk(4), lk (16) successively we see that lk (22) can not be completed. If (o, p) = (4, 5) then successively considering lk (21) , lk(5) and lk (22), we get C 9 (9, 10, 11, 19, 20, 21, 22, 23, 12 ) ⊆ lk (13) . A contradiction. So, (m, n) = (15, 14) Subcase 1.2 : If (m, n) = (14, 12) then successively we get lk(6) = C 11 ([5, 4, 3, 2, 1, 0, 7] , 19, [20, 14] , 12), lk(14) = C 11 ([15, 16, 17, 18, 8, 9, 12] , 5, [6, 20] , 21), lk(20) = C 11 ([21, 22, 23, 13, 10, 11, 19], 7, [6, 14] , 15), lk(12) = C 11 ([14, 15, 16, 17, 18, 9, 10] , 13, [5, 6], 14) , lk(5) = C 11 ([6, 7, 0, 1, 2, 3, 4] , 23, [13, 12], 14) , lk(13) = C 11 ([23, 22, 21, 20, 19, 11, 10] , 9, [12, 5] , 4) and lk (21) = C 11 ([22, 23, 13, 10, 11, 19, 20], 14, [15, o] , p) for some o, p ∈ V . It is easy to see that (o, p) ∈ {(3, 2), (3, 4) }. In case (o, p) = (3, 4) , considering lk (21) and lk (4) successively we get C 9 (3, 4, 23, 13, 10, 11, 19, 20, 21) ⊆ lk (22) . A contradiction. So (o, p) = (3, 2) then completing successively we get lk(16) = C 11 ([17, 18, 8, 9, 12, 14, 15], 3, [4, 23] , 22), lk(22) = C 11 ([23, 13, 10, 11, 19, 20, 21] , 3, [2, 17] , 16), lk(4) = C 11 ([5, 6, 7, 0, 1, 2, 3] , 15, [16, 23] , 13), lk (23) = C 11 ([13, 10, 11, 19, 20, 21, 22] , 17, [16, 4] , 5), lk(17) = C 11 ([18, 8, 9, 12, 14, 15, 16] , 23, [22, 2] , 1), lk(1) = C 11 ([2, 3, 4, 5, 6, 7, 0] , 10, [11, 18] , 17) and lk(2) = C 11 ([3, 4, 5, 6, 7, 0, 1] , 18, [17, 22], 21) . This is K 1 (3, 4, 8, 4) as given in Section 2. Subcase 1.3 : When (m, n) = (15, 16) then lk(6) = C 11 ([7, 0, 1, 2, 3, 4, 5], 16, [15, 20], 19) . This implies lk(15) = C 11 ([16, 17, 18, 8, 9, 12, 14] , 21, [20, 6] , 5), lk(20) = C 11 ([21, 22, 23, 13, 10, 11, 19] , 7, [6, 15], 14) and lk(14) = C 11 ([12, 9, 8, 18, 17, 16, 15] (3, 4) , (4, 3) , (4, 5) (4, 5) } then successively considering lk (14) , lk(4) and lk (21), it is easy to see that lk (22) can not be completed. When (o, p) = (3, 2) then lk(14) = C 11 ([15, 16, 17, 18, 8, 9, 12] , 2, [3, 21] , 20), lk(3) = C 11 ([4, 5, 6, 7, 0, 1, 2] , 12, [14, 21] , 22), lk(21) = C 11 ([22, 23, 13, 10, 11, 19, 20], 15, [14, 3] , 4) and lk(22) = C 11 ([23, 13, 10, 11, 19, 20, 21] , 3, [4, q] , r) for some q, r ∈ V . This implies q = 17 and r = 16, now considering lk (22) , lk (16) , lk(5) and lk(23) successively we see that lk (17) can not be completed. So (o, p) = (3, 4) then lk(3) = C 11 ([4, 5, 6, 7, 0, 1, 2] , 22, [21, 14] , 12), completing successively we get lk(21) = C 11 ([22, 23, 13, 10, 11, 19, 20], 15, [14, 3] , 2), lk(2) = C 11 ([1, 0, 7, 6, 5, 4, 3] , 21, [22, 17] , 18), lk(1) = C 11 ([2, 3, 4, 5, 6, 7, 0], 10, [11, 18] , 17), lk(22) = C 11 ([23, 13, 10, 11, 19, 20, 21] , 3, [2, 17] , 16), lk(17) = C 11 ([18, 8, 9, 12, 14, 15, 16], 23, [22, 2] , 1), lk(23) = C 11 ([13, 10, 11, 19, 20, 21, 22] , 17, [16, 5] , 4), lk(5) = C 11 ([6, 7, 0, 1, 2, 3, 4] , 13, [23, 16] , 15), lk(16) = C 11 ([17, 18, 8, 9, 12, 14, 15], 6, [5, 23], 22) , lk(13) = C 11 ([10, 11, 19, 20, 21, 22, 23], 5, [4, 12] , 9), lk(4) = C 11 ([5, 6, 7, 0, 1, 2, 3], 14, [12, 13] , 23), lk(12) = C 11 ([14, 15, 16, 17, 18, 8, 9] , 10, [13, 4], 3) . This is isomorphic to K 2 (3, 4, 8, 4) , as given in Section 2, by the map (0, 23, 7, 22) (1, 13, 6, 21) (2, 10, 5, 20) (3, 11, 4, 19) (8, 14, 17, 9, 15, 18, 12, 16) . Subcase 1.4 : When (m, n) = (16, 15) then successively we get lk(6) = C 11 ([7, 0, 1, 2, 3, 4, 5] , 15, [16, 20], 19) , lk(20) = C 11 ([21, 22, 23, 13, 10, 11, 19], 7, [6, 16] , 17), lk(16) = C 11 ([17, 18, 8, 9, 12, 14, 15] , 5, [6, 20] , 21), lk(2) = C 11 ([3, 4, 5, 6, 7, 0, 1], 18, [17, 21] , 22), lk(17) = C 11 ([18, 8, 9, 12, 14, 15, 16], 20, [21, 2] , 1), lk(21) = C 11 ([22, 23, 13, 10, 11, 19, 20], 16, [17, 2] , 3) and lk (15) = C 11 ([14, 12, 9, 8, 18, 17, 16], 6, [5, o] , p) for some o, p ∈ V . Observe that, (o, p) ∈ { (23, 13) , (23, 22) }. But for (o, p) = (23, 13) , considering lk (15) and lk(13) successively we get C 9 (8, 9, 10, 13, 14, 15, 16, 17, 18) ⊆ lk(12) . This is a contradiction. On the other hand when (o, p) = (23, 22) then lk(15) = C 11 ([16, 17, 18, 8, 9, 12, 14] , 22, [23, 5] , 6), lk(5) = C 11 ([6, 7, 0, 1, 2, 3, 4] , 13, [23, 15] , 16), lk(23) = C 11 ([13, 10, 11, 19, 20, 21, 22 ], 14, [15, 5] , 4), completing successively we get lk(13) = C 11 ([10, 11, 19, 20, 21, 22, 23] , 5, [4, 12] , 9), lk(4) = C 11 ([3, 2, 1, 0, 7, 6, 5] , 23, [13, 12], 14) , lk(12) = C 11 ([14, 15, 16, 17, 18, 8, 9] , 10, [13, 4] , 3), lk(14) = C 11 ([15, 16, 17, 18, 8, 9, 12] , 4, [3, 22] , 23), lk(3) = C 11 ([4, 5, 6, 7, 0, 1, 2] , 21, [22, 14] , 12) and lk(22) = C 11 ([23, 13, 10, 11, 19, 20, 21] , 2, [3, 14], 15) . This is isomorphic to K 1 (3, 4, 8, 4) by the map (0, 11)(1, 10)(2, 13)(3, 23)(4, 22)(5, 21)(6, 20) (7, 19) (9, 18) (12, 17) (14, 16) . Case 2 : When (x, y) = (20, 21) then lk(8) = C 11 ([9, 12, 14, 15, 16, 17, 18] , 21, [20, 7] , 0), lk(7) = C 11 ([0, 1, 2, 3, 4, 5, 6], 19, [20, 8] , 9), lk(20) = C 11 ([21, 22, 23, 13, 10, 11, 19] , 6, [7, 8], 18) and lk(18) = C 11 ([17, 16, 15, 14, 12, 9, 8], 20, [21, m] , n) for some m, n ∈ V . In this case (m, n) ∈ {(2, 1), (2, 3) , (3, 2) , (3, 4) , (4, 3) , (4, 5) , (5, 4) , (5, 6) }. When (m, n) = (2, 3) then considering lk (18) , lk(2), lk (21) and lk (1) successively we see that 11 22 is simultaneously an edge and a non-edge of K. When (m, n) = (5, 4) then considering lk (18), lk (21) and lk (6) successively we see that 19 22 is both an edge and a non-edge of K. So, (m, n) = (2, 3), (5, 4) . For the remaining values of (m, n) we have following subcases.
When (m, n) = (4, 5) then we have lk(18) = C 11 ([8, 9, 12, 14, 15, 16, 17] , 5, [4, 21] , 20), lk(4) = C 11 ([5, 6, 7, 0, 1, 2, 3] , 22, [21, 18] , 17), lk(21) = C 11 ([22, 23, 13, 10, 11, 19, 20], 8, [18, 4] , 3) and lk(22) = C 11 ([23, 13, 10, 11, 19, 20, 21] (14, 15) , (15, 14) , (15, 16) , (16, 15) }. If (o, p) = (14, 15) then successively considering lk (22) , lk (14) , lk(3), lk (12) , lk (13) and lk (23) we see that deg (1) (15, 14) , (15, 16) } then considering lk (22) , lk (15) and lk (3) successively we see that lk (16) or lk (2) can not be completed. If (o, p) = (16, 15) then considering lk (22) , lk (16) and lk(3) successively we see that lk (2) can not be completed. So, (m, n) = (4, 5) . When (m, n) = (3, 2) then lk(18) = C 11 ([8, 9, 12, 14, 15, 16, 17] , 2, [3, 21], 20) . This implies lk(3) = C 11 ([4, 5, 6, 7, 0, 1, 2] , 17, [18, 21] , 22), lk(21) = C 11 ([22, 23, 13, 10, 11, 19, 20], 8, [18, 3] , 4) and lk(22) = C 11 ([23, 13, 10, 11, 19, 20, 21] , 3, [4, o] , p) for some o, p ∈ V . Observe that, (o, p) ∈ { (14, 12) , (14, 15) , (15, 14) , (15, 16) , (16, 15) }. Now proceeding further as in previous case we get a contradiction for each value of (o, p). So (m, n) = (3, 2). Subcase 2.1 : When (m, n) = (2, 1) then successively we get lk(18) = C 11 ([8, 9, 12, 14, 15, 16, 17] , 1, [2, 21], 20) , lk(21) = C 11 ([22, 23, 13, 10, 11, 19, 20], 8, [18, 2] , 3), lk(2) = C 11 ([3, 4, 5, 6, 7, 0, 1], 17, [18, 21] , 22), lk(1) = C 11 ([2, 3, 4, 5, 6, 7, 0], 10, [11, 17] , 18), lk(11) = C 11 ([19, 20, 21, 22, 23, 13, 10] , 0, [1, 17] , 16), lk(17) = C 11 ([18, 8, 9, 12, 14, 15, 16], 19, [11, 1] , 2) and lk(3) = C 11 ([4, 5, 6, 7, 0, 1, 2] , 21, [22, o] , p) for some o, p ∈ V . In this case we have (o, p) ∈ { (14, 12) , (14, 15) , (15, 14) }.
If (o, p) = (14, 15) then lk(3) = C 11 ([4, 5, 6, 7, 0, 1, 2] , 21, [22, 14] , 15),now completing lk (14) and lk (22) we get lk(23) = C 11 ([13, 10, 11, 19, 20, 21, 22 ], 14, [12, 5] , r) for some r ∈ V . It is easy to see that r ∈ {4, 6}. If r = 4 then successively considering lk (23) , lk(4) and lk (15) we get deg(13) > 4 and if r = 6 then considering lk (23) and lk(6) successively we see that 13 19 is both an edge and a non-edge of K. So (o, p) = (14, 15) . When (o, p) = (15, 14) then lk(3) = C 11 ([4, 5, 6, 7, 0, 1, 2] , 21, [22, 15], 14) , completing lk(15) and lk (22) we get lk(23) = C 11 ([13, 10, 11, 19, 20, 21, 22] , 15, [16, 5] , r) for some r ∈ V . Observe that r ∈ {4, 6}. Now proceeding as in previous case, we get a contradiction for each value of r. So (o, p) = (15, 14) .
If (o, p) = (14, 12) then we see that lk(3) = C 11 ([4, 5, 6, 7, 0, 1, 2] , 21, [22, 14] , 12), lk(14) = C 11 ([15, 16, 17, 18, 8, 9, 12] , 4, [3, 22] , 23), now completing successively we get lk(12) = C 11 ([14, 15, 16, 17, 18, 8, 9] , 10, [13, 4] , 3), lk(13) = C 11 ([10, 11, 19, 20, 21, 22, 23] , 5, [4, 12] , 9), lk(4) = C 11 ([5, 6, 7, 0, 1, 2, 3], 14, [12, 13] , 23), lk(23) = C 11 ([13, 10, 11, 19, 20, 21, 22 ], 14, [15, 5] , 4), lk (5) = C 11 ([6, 7, 0, 1, 2, 3, 4] , 13, [23, 15] , 16), lk(16) = C 11 ([17, 18, 8, 9, 12, 14, 15] , 5, [6, 19] , 11), lk(6) = C 11 ([7, 0, 1, 2, 3, 4, 5] , 15, [16, 19], 20) and lk(19) = C 11 ([20, 21, 22, 23, 13, 10, 11] , 17, [16, 6] , 7). This is K 2 (3, 4, 8, 4) as given in Section 2. Subcase 2.2 : When (m, n) = (3, 4) then successively we get lk(18) = C 11 ([8, 9, 12, 14, 15, 16, 17], 4, [3, 21] , 20), lk(3) = C 11 ([4, 5, 6, 7, 0, 1, 2] , 22, [21, 18] , 17), lk(21) = C 11 ([22, 23, 13, 10, 11, 19, 20], 8, [18, 3] , 2) and lk(17) = C 11 ([16, 15, 14, 12, 9, 8, 18], 3, [4, o] , p) for some o, p ∈ V . In this case (o, p) ∈ { (13, 23) , (19, 11) , (23, 13) , (23, 22) }. If (o, p) = (13, 23) then considering lk (17) and lk (13) successively we see that 12 17 is both an edge and a non-edge of K. If (o, p) = (19, 11) then successively considering lk (17) , lk (11) and lk (1) we see easily that lk (4) can not be completed. If (o, p) = (23, 13) then considering lk (17) and lk (13) we see that 12 16 is both an edge and a non-edge of K. If (o, p) = (23, 22) then lk(17) = C 11 ([18, 8, 9, 12, 14, 15, 16], 22, [23, 4], 3) . This implies lk(22) = C 11 ([23, 13, 10, 11, 19, 20, 21] , 3, [2, 16] , 17), completing successively we get lk(4) = C 11 ([5, 6, 7, 0, 1, 2, 3] , 18, [17, 23] , 13), lk(13) = C 11 ([10, 11, 19, 20, 21, 22, 23] , 4, [5, 12] , 9), lk(12) = C 11 ([14, 15, 16, 17, 18, 8, 9] , 10, [13, 5] , 6), lk(6) = C 11 ([7, 0, 1, 2, 3, 4, 5] , 12, [14, 19], 20) , lk(19) = C 11 ([20, 21, 22, 23, 13, 10, 11], 15, [14, 6] , 7), lk(14) = C 11 ([15, 16, 17, 18, 8, 9, 12] , 5, [6, 19] , 11), lk(5) = C 11 ([6, 7, 0, 1, 2, 3, 4] , 23, [13, 12], 14) , lk(23) = C 11 ([13, 10, 11, 19, 20, 21, 22], 16, [17, 4] , 5), lk(2) = C 11 ([3, 4, 5, 6, 7, 0, 1] , 15, [16, 22] , 21), lk(15) = C 11 ([16, 17, 18, 8, 9, 12, 14], 19, [11, 1] , 2), lk(11) = C 11 ([19, 20, 21, 22, 23, 13, 10] , 0, [1, 15], 14) , lk(1) = C 11 ([2, 3, 4, 5, 6, 7, 0] , 10, [11, 15] , 16) and lk(16) = C 11 ([17, 18, 8, 9, 12, 14, 15] , 1, [2, 22], 23) . This is isomorphic to K 2 (3, 4, 8, 4) by the map (0, 20, 16, 3, 23, 12) (1, 21, 15, 2, 22, 14) (4, 13, 9, 7, 19, 17) (5, 10, 8, 6, 11, 18) . Subcase 2.3 : When (m, n) = (4, 3) then successively we get lk(18) = C 11 ([8, 9, 12, 14, 15, 16, 17], 3, [4, 21], 20) , lk(4) = C 11 ([5, 6, 7, 0, 1, 2, 3], 17, [18, 21] , 22), lk(21) = C 11 ([22, 23, 13, 10, 11, 19, 20], 8, [18, 4] , 5) and lk(22) = C 11 ([23, 13, 10, 11, 19, 20, 21] , 4, [5, o] , p) for some o, p ∈ V . Then we see that (o, p) ∈ { (14, 15) , (15, 14) , (15, 16) , (16, 15) , (16, 17) }. If (o, p) = (14, 15) then successively considering lk (22) , lk (14) , lk(6) we see that lk (12) can not be completed. If (o, p) = (15, 14) then successively considering lk (22) , lk (15) , lk(6), lk (19) and lk (17) we see that lk (11) can not be completed. If (o, p) = (15, 16) then successively considering lk (15) , lk(6), lk (19) and lk (12) we see that 11 13 is both an edge and a nonedge of K. If (o, p) = (16, 15) then considering lk (22) , lk (16) and lk(6) successively we get deg(17) > 4. If (o, p) = (16, 17) then lk(22) = C 11 ([23, 13, 10, 11, 19, 20, 21] , 4, [5, 16] , 17), completing successively, we get lk(17) = C 11 ([18, 8, 9, 12, 14, 15, 16], 22, [23, 3] , 4), lk(4) = C 11 ([5, 6, 7, 0, 1, 2, 3] , 17, [18, 21] , 22), lk(3) = C 11 ([4, 5, 6, 7, 0, 1, 2] , 13, [23, 17] , 18), lk(13) = C 11 ([10, 11, 19, 20, 21, 22, 23], 3, [2, 12] , 9), lk(2) = C 11 ([3, 4, 5, 6, 7, 0, 1], 14, [12, 13] , 23), lk (12) = C 11 ([14, 15, 16, 17, 18, 8, 9] , 10, [13, 2] , 1), lk(23) = C 11 ([13, 10, 11, 19, 20, 21, 22], 16, [17, 3] , 2), lk(16) = C 11 ([17, 18, 8, 9, 12, 14, 15], 6, [5, 22] , 23), lk(6) = C 11 ([7, 0, 1, 2, 3, 4, 5], 16, [15 ,19], 20) , lk(19) = C 11 ([20, 21, 22, 23, 13, 10, 11], 14, [15, 6] , 7), lk(14) = C 11 ([15, 16, 17, 18, 8, 9, 12] , 2, [1, 11], 19) , lk(11) = C 11 ([19, 20, 21, 22, 23, 13, 10] , 0, [1, 14] , 15) and lk(1) = C 11 ([2, 3, 4, 5, 6, 7, 0], 10, [11, 14], 12) . This is isomorphic to K 1 (3, 4, 8, 4) by the map (0, 7, 6, 5, 4, 3, 2, 1) (8, 20, 14, 10) (9, 19, 12, 11)(13, 18, 21, 15) (16, 23, 17, 22) . Subcase 2.4 : When (m, n) = (5, 6) then successively we get lk(18) = C 11 ([8, 9, 2, 14, 15, 16, 17], 6, [5, 21] , 20), lk(6) = C 11 ([7, 0, 1, 2, 3, 4, 5], 18, [17, 19], 20) , lk(17) = C 11 ([18, 8, 9, 12, 14, 15, 16], 11, [19, 6] , 5), lk(11) = C 11 ([19, 20, 21, 22, 23, 13, 10] , 0, [1, 16] , 17), lk(1) = C 11 ([2, 3, 4, 5, 6, 7, 0], 10, [11, 16] , 15), lk(16) = C 11 ([17, 18, 8, 9, 12, 14, 15] , 2, [1, 11], 19) , lk(19) = C 11 ([20, 21, 22, 23, 13, 10, 11], 16, [17, 6] , 7), lk(5) = C 11 ([6, 7, 0, 1, 2, 3, 4], 22, [21, 18] , 17), lk(21) = C 11 ([22, 23, 13, 10, 11, 19, 20], 8, [18, 5] , 4) and lk(22) = C 11 ([23, 13, 10, 11, 19, 20, 21] , 5, [4, o] , p) for some o, p ∈ V . Observe that (o, p) ∈ { (14, 12) , (14, 15) }. In case (o, p) = (14, 12) , we get C 9 (9, 10, 11, 19, 20, 21, 22, 23, 12 ) ⊆ lk (13) . A contradiction. So (o, p) = (14, 15) then lk(22) = C 11 ([23, 13, 10, 11, 19, 20, 21] , 5, [4, 14], 15) . This implies lk(15) = C 11 ([16, 17, 18, 8, 9, 12, 14] , 22, [23, 2] , 1), completing successively, we get lk(2) = C 11 ([3, 4, 5, 6, 7, 0, 1], 16, [15, 23] , 13), lk(13) = C 11 ([10, 11, 19, 20, 21, 22, 23] , 2, [3, 12] , 9), lk(12) = C 11 ([14, 15, 16, 17, 18, 8, 9] , 10, [13, 3] , 4), lk(4) = C 11 ([5, 6, 7, 0, 1, 2, 3] , 12, [14, 22] , 21) and lk(14) = C 11 ([15, 16, 17, 18, 8, 9, 12] , 3, [4, 22], 23) . This is isomorphic to K 1 (3, 4, 8, 4) by the map (0, 6)(1, 5)(2, 4) (8, 19, 9, 20) (10, 14, 22, 17) (11, 12, 21, 18) (13, 15, 23, 16) . Case 3 : When (x, y) = (23, 22) then we get lk(8) = C 11 ([9, 12, 14, 15, 16, 17, 18], 22, [23, 7] , 0), lk(23) = C 11 ([13, 10, 11, 19, 20, 21, 22], 18, [8, 7] , 6), lk(7) = C 11 ([0, 1, 2, 3, 4, 5, 6] , 13, [23, 8], 9) . This implies lk(13) = C 11 ([10, 11, 19, 20, 21, 22, 23], 7, [6, 12] , 9), lk(6) = C 11 ([7, 0, 1, 2, 3, 4, 5], 14, [12, 13] , 23), lk(12) = C 11 ([14, 15, 16, 17, 18, 8, 9] , 10, [13, 6] , 5) and lk(5) = C 11 ([4, 3, 2, 1, 0, 7, 6], 12, [14, l] , m) for some m, l ∈ V . It is easy to see that (l, m) ∈ { (19, 20) , (20, 19) , (20, 21) , (21, 20) , (21, 22) }.
When (l, m) = (21, 20) then lk(5) = C 11 ([6, 7, 0, 1, 2, 3, 4], 20, [21, 14] , 12). Now considering lk (21) and lk (14) successively we see that lk (22) can not be completed. When (l, m) = (20, 21) then lk(5) = C 11 ([6, 7, 0, 1, 2, 3, 4] , 21, [20, 14], 12) . This implies lk(14) = C 11 ([15, 16, 17, 18, 8, 9, 12], 6, [5, 20], 19) , lk(20) = C 11 ([21, 22, 23, 13, 10, 11, 19], 15, [14, 5] , 4) and lk(21) = C 11 ([22, 23, 13, 10, 11, 19, 20], 5, [4, n] , o) for some n, o ∈ V . Observe that (n, o) ∈ { (16, 17) , (17, 16) }. If (n, o) = (16, 17) then considering lk (21) and lk (22) successively we get C 9 (8, 9, 12, 14, 15, 16, 21, 22, 18) ⊆ lk (17) and if (n, o) = (17, 16) then successively considering lk (21) , lk (17) and lk(4) we see easily that lk (22) can not be completed.
This implies lk(14) = C 11 ([15, 16, 17, 18, 8, 9, 12], 6, [5, 19] , 11), completing successively we get lk(11) = C 11 ([19, 20, 21, 22, 23, 13, 10] , 0, [1, 15], 14) , lk(1) = C 11 ([2, 3, 4, 5, 6, 7, 0] , 10, [11, 15] , 16), lk(15) = C 11 ([16, 17, 18, 8, 9, 12, 14], 19, [11, 1] , 2), lk(16) = C 11 ([17, 18, 8, 9, 12, 14, 15] , 1, [2, 21] , 20), lk(2) = C 11 ([3, 4, 5, 6, 7, 0, 1], 15, [16, 21] , 22), lk(21) = C 11 ([22, 23, 13, 10, 11, 19, 20], 17, [16, 2] , 3), lk(22) = C 11 ([23, 13, 10, 11, 19, 20, 21] , 2, [3, 18], 8) , lk(18) = C 11 ([8, 9, 12, 14, 15, 16, 17], 4, [3, 22] , 23), lk(3) = C 11 ([4, 5, 6, 7, 0, 1, 2] , 21, [22, 18] , 17), lk(4) = C 11 ([5, 6, 7, 0, 1, 2, 3], 18, [17, 20], 19) , lk(17) = C 11 ([18, 8, 9, 12, 14, 15, 16], 21, [20, 4] , 3) and lk(20) = C 11 ([21, 22, 23, 13, 10, 11, 19], 5, [4, 17], 16) . This is isomorphic to K 1 (3, 4, 8, 4) by the map (0, 21, 8, 2, 19, 12, 4, 10, 15, 6, 23, 17) (1, 20, 9, 3, 11, 14, 5, 13, 16, 7, 22, 18) . Subcase 3.2 : When (l, m) = (20, 19) then lk(5) = C 11 ([6, 7, 0, 1, 2, 3, 4], 19, [20, 14], 12) . This implies lk(20) = C 11 ([21, 22, 23, 13, 10, 11, 19] , 4, [5, 14] , 15) and lk(4) = C 11 ([3, 2, 1, 0, 7, 6, 5], 20, [19, n] , o) for some n, o ∈ V . Observe that (n, o) ∈ { (16, 15) , (16, 17) }. If (n, o) = (16, 17) then considering lk(4), lk (16) and lk (11) successively we see that lk (1) can not be completed. On the other hand when (n, o) = (16, 15) then lk(4) = C 11 ([5, 6, 7, 0, 1, 2, 3] , 15, [16, 19], 20) . This implies lk(15) = C 11 ([16, 17, 18, 8, 9, 12, 14], 20, [21, 3] , 4), completing successively we get lk(21) = C 11 ([22, 23, 13, 10, 11, 19, 20], 14, [15, 3] , 2), lk(3) = C 11 ([4, 5, 6, 7, 0, 1, 2] , 22, [21, 15] , 16), lk(16) = C 11 ([17, 18, 8, 9, 12, 14, 15], 3, [4, 19] , 11), lk(11) = C 11 ([19, 20, 21, 22, 23, 13, 10] , 0, [1, 17] , 16), lk(1) = C 11 ([2, 3, 4, 5, 6, 7, 0], 10, [11, 17] , 18), lk(18) = C 11 ([8, 9, 12, 14, 15, 16, 17] , 1, [2, 22] , 23), lk(2) = C 11 ([3, 4, 5, 6, 7, 0, 1] , 17, [18, 22] , 21) and lk(22) = C 11 ([23, 13, 10, 11, 19, 20, 21] , 3, [2, 18], 8) . This is isomorphic to K 1 (3, 4, 8, 4) by the map (0, 9)(1, 12)(2, 14)(3, 15)(4, 16)(5, 17)(6, 18) (7, 8) (11, 13) (19, 23) (20, 22) . Subcase 3.3 : When (l, m) = (21, 22) then lk(5) = C 11 ([6, 7, 0, 1, 2, 3, 4] , 22, [21, 14], 12) . This implies lk(22) = C 11 ([23, 13, 10, 11, 19, 20, 21] , 5, [4, 18] , 8), lk(18) = C 11 ([8, 9, 12, 14, 15, 16, 17] , 3, [4, 22] , 23) and lk(17) = C 11 ([16, 15, 14, 12, 9, 8, 18 ], 4, [3, n] , o) for some n, o ∈ V . Then we see that (n, o) ∈ { (19, 11) , (19, 20) , (20, 19) , (20, 21) }. If (n, o) = (19, 20) then successively considering lk (17) , lk (19) and lk(3) we see that lk (11) can not be completed. If (n, o) = (20, 19) then successively considering lk (17) , lk (20) and lk(3) we see that lk (19) can not be completed. If (n, o) = (20, 21) then successively considering lk (17) , lk (21) , lk (3) and lk (20) we see that lk (16) can not be completed. If (o, p) = (19, 11) then lk(17) = C 11 ([18, 8, 9, 12, 14, 15, 16] , 11, [19, 3] , 4), lk(3) = C 11 ([4, 5, 6, 7, 0, 1, 2] , 20, [19, 17] , 18) and lk (19) = C 11 ([20, 21, 22, 23, 13, 10, 11], 16, [17, 3] , 2), completing successively we get lk(11) = C 11 ([19, 20, 21, 22, 23, 13, 10] , 0, [1, 16] , 17), lk(1) = C 11 ([2, 3, 4, 5, 6, 7 , 0], 10, [11, 16] , 15), lk (16) = C 11 ([17, 18, 8, 9, 12, 14, 15] , 2, [1, 11] , 19), lk(2) = C 11 ([3, 4, 5, 6, 7, 0, 1], 16, [15, 20] , 19) , lk(15) = C 11 ([16, 17, 18, 8, 9, 12, 14] , 21, [20, 2] , 1), lk(20) = C 11 ([21, 22, 23, 13, 10, 11, 19] , 3, [2, 15], 14) . This is isomorphic to K 1 (3, 4, 8, 4) by the map (0, 18, 20, 4, 14, 13) (1, 17, 21, 5, 12, 10) (2, 16, 22, 6, 9, 11) (3, 15, 23, 7, 8, 19) . Thus the Lemma 1.1 is proved. Proof of Lemma 1.2 : Let M be a SEM of type (4, 6, 16) Assume, lk(0) = C 20 ([1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15] , 16, 17, 18, 19, 20) then successively we get lk(17) = C 20 ([18, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 16] , 15, 0, 1, 20, 19) , lk(18) = C 20 ([17, 16, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21] , 34, 19, 20, 1, 0), lk(19) = C 20 ([20, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 34] , 21, 18, 17, 0, 1), lk(20) = C 20 ([19, 34, 47, 46, 45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35] , 2, 1, 0, 17, 18) and lk(1) = C 20 ([0, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2] , 35, 20, 19, 18, 17) . This implies lk(2) = C 20 ([3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, (23, 24) by the map (0, 3)(1, 2)(4, 15)(5, 14)(6, 13)(7, 12)(8, 11)(9, 10) (16, 22, 26, 30) (17, 23, 27, 31) (18, 24, 28, 32) (19, 36) (20, 35) (21, 25, 29, 33) (16, 24, 30, 18, 26, 32, 22, 28) (17, 25, 31, 21, 27, 33, 23, 29 (21) and lk (22) ([3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 0, 1], 20, 35, 36, 28, 27) , lk(3) = C 20 ([2, 1, 0, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4] , 26, 27, 28, 36, 35), lk(27) = C 20 ([28, 29, 30, 31, 32, 33, 16, 17, 18, 21, 22, 23, 24, 25, 26], 4, 3, 2, 35, 36) , lk(28) = C 20 ([27, 26, 25, 24, 23, 22, 21, 18, 17, 16, 33, 32, 31, 30, 29] , 37, 36, 35, 2, 3), lk(35) = C 20 ([36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 34, 19, 20] , 1, 2, 3, 27, 28), lk (36) = C 20 ([35, 20, 19, 34, 47, 46, 45, 44, 43, 42, 41, 40, 39, 38, 37] , 29, 28, 27, 3, 2) and lk(21) = C 20 ([22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18] , 19, 34, 47, k, j) for some k, j ∈ V . Observe that (k, j) ∈ {(6, 7), (7, 6) , (8, 9) , (9, 8) , (10, 11) , (11, 10) , (12, 13) , (13, 12) }. If (k, j) = (7, 6) then completing lk(6), lk (7), lk(21), lk (22) , lk(34), lk(47), lk(4) it is easy to see that lk(24) and lk(25) can not be completed. If (k, j) ∈ {(8, 9), (11, 10) } then completing lk(21), lk (22) , lk(34), lk(47), lk(k) and lk(j) we see that lk (15) can not be completed. Also, (8, 9 ) ∼ = (9, 8) by the map (0, 17)(1, 18)(2, 21)(3, 22)(4, 23)(5, 24)(6, 25) (7, 26) (8, 27 )(9, 28)(10, 29) (11, 30) (12, 31) (13, 32) (14, 33) (15, 16) (34, 34)(36, 47)(37, 46)(38, 45)(39, 44)(40, 43)(41, 42). So we have (k, j) ∈ {(6, 7), (10, 11) , (12, 13) , (13, 12) }.
If (k, j) = (12, 13) then successively considering lk (12) , lk(13), lk (22) , lk (21) , lk(34), lk(47), lk (23) , lk(24), lk(33), lk (16) , lk (15) , lk (14) , lk(4), lk(5), lk(31), lk(32), lk(25) and lk(26) we see that lk (11) can not be completed. Subcase 1.1 : If (k, j) = (6, 7) then successively we get lk(6) = C 20 ([7, 8, 9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5], 46, 47, 34, 21, 22) , lk(7) = C 20 ([6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10, 9, 8] , 23, 22, 21, 34, 47) , lk(21) = C 20 ([22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18], 19, 34, 47, 6, 7) , lk(22) = C 20 ([21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23], 8, 7, 6, 47, 34) , lk (34) = C 20 ([47, 46, 45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19], 18, 21, 22, 7, 6) , lk(47) = C 20 ([34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46], 5, 6, 7, 22, 21) , lk(4) = C 20 ([5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3], 27, 26, 25, 45, 46) , lk(5) = C 20 ([4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6], 47, 46, 45, 25, 26) , lk(45) = C 20 ([46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44], 24, 25, 26, 4, 5) , lk(46) = C 20 ([45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47], 6, 5, 4, 26, 25) , lk(25) = C 20 ([26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18, 21, 22, 23, 24], 44, 45, 46, 5, 4) , lk(26) = C 20 ([25, 24, 23, 22, 21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27], 3, 4, 5, 46, 45) , lk(8) = C 20 ([9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7] , 22, 23, 24, 44, 43) , lk(9) = C 20 ([8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10], 42, 43, 44, 24, 23) , lk(23) = C 20 ([24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18, 21, 22], 7, 8, 9, 43, 44) , lk(24) = C 20 ([23, 22, 21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27, 26, 25], 45, 44, 43, 9, 8) , lk(44) = C 20 ([43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45], 25, 24, 23, 8, 9) and lk(15) = C 20 ([14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0], 17, 16, 33, m, n) for some m, n ∈ V . Observe that (m, n) ∈ {(39, 40), (40, 39), (41, 42)}. In case (m, n) = (39, 40), completing lk (14), lk (15) , lk (16) , lk(33), lk(39) and lk (40) it is easy to see that lk(30) and lk(31) can not be completed. Also in case (m, n) = (41, 42), completing lk (14), lk (15) , lk (16) , lk(33), lk(41), lk(42), lk (12) , lk (13) , lk(24), lk(43), lk(44) we see that lk (22) and lk (23) can not be completed. So (m, n) = (40, 39) then completing successively we get lk(15) = C 20 ([14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0], 17, 16, 33, 40, 39) , lk(16) = C 20 ([33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17], 0, 15, 14, 39, 40) , lk(14) = C 20 ([15, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13], 38, 39, 40, 33, 16) , lk(33) = C 20 ([16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32], 41, 40, 39, 14, 15) , lk(39) = C 20 ([40, 41, 42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38], 13, 14, 15, 16, 33) , lk(40) = C 20 ([39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43, 42, 41], 32, 33, 16, 15, 14) , lk(10) = C 20 ([11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9] , 43, 42, 41, 32, 31), lk(11) = C 20 ([10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12], 30, 31, 32, 41, 42) , lk (31) = C 20 ([32, 33, 16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30], 12, 11, 10, 42, 41) , lk(32) = C 20 ([31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17, 16, 33], 40, 41, 42, 10, 11) , lk(41) = C 20 ([42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40], 33, 32, 31, 11, 10) , lk(42) = C 20 ([41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43], 9, 10, 11, 31, 32) , lk(12) = C 20 ([13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11], 31, 30, 29, 37, 38) , lk(13) = C 20 ([12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14] , 39, 38, 37, 29, 30), lk(29) = C 20 ([30, 31, 32, 33, 16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28], 36, 37, 38, 13, 12) , lk(30) = C 20 ([29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17, 16, 33, 32, 31], 11, 12, 13, 38, 37) , lk(37) = C 20 ([38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36], 28, 29, 30, 12, 13) , lk(38) = C 20 ([37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43, 42, 41, 40, 39], 14, 13, 12, 30, 29) , lk(43) = C 20 ([44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42], 10, 9, 8, 23, 24) . This is isomorphic to M 1 (4, 6, 16) , as given in Section 2, by the map (0, 9)(1, 8)(2, 7)(3, 6)(4, 5)(10, 15) (11, 14) (12, 13) (16, 39, 31, 42) (17, 38, 30, 43) (18, 37, 29, 44) (19, 25, 34, 24) (20, 26, 47, 23) (21, 36, 28, 45) (22, 35, 27, 46)(32, 41, 33, 40) . Subcase 1.2 : If (k, j) = (10, 11) then constructing successively we get lk(10) = C 20 ([11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9], 46, 47, 34, 21, 22) , lk(11) = C 20 ([10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12] , 23, 22, 21, 34, 47) , lk(21) = C 20 ([22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18], 19, 34, 47, 10, 11) , lk(22) = C 20 ([21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23], 12, 11, 10, 47, 34) , lk(34) = C 20 ([47, 46, 45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19] , 18, 21, 22, 11, 10) , lk(47) = C 20 ([34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46], 9, 10, 11, 22, 21) and lk(15) = C 20 ([14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0], 17, 16, 33, m, n) for some m, n ∈ V . In this case we see that (m, n) ∈ {(39, 40), (40, 39) , (41, 42) (14), lk (15) , lk (16) , lk(33), lk(39), lk(40), lk (13), lk(29), lk(30), lk(37) and lk(38) we see that lk (11) and lk (12) can not be completed. Proceeding similarly for (m, n) ∈ {(40, 39), (41, 42), (42, 41), (43, 44)} it is easy to see that the map does not exist. If (m, n) = (44, 43) then completing successively we get lk(15) = C 20 ([14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0], 17, 16, 33, 44, 43) , lk(16) = C 20 ([33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17], 0, 15, 14, 43, 44) , lk (14) = C 20 ([15, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13], 42, 43, 44, 33, 16) , lk(33) = C 20 ([16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32], 45, 44, 43, 14, 15) , lk(43) = C 20 ([44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42], 13, 14, 15, 16, 33) , lk(44) = C 20 ([43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45], 32, 33, 16, 15, 14) , lk(4) = C 20 ([5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3] , 27, 26, 25, 40, 39), lk(5) = C 20 ([4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6], 38, 39, 40, 25, 26) , lk (25) = C 20 ([26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18, 21, 22, 23, 24] , 41, 40, 39, 5, 4), lk(26) = C 20 ([25, 24, 23, 22, 21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27], 3, 4, 5, 39, 40) , lk(39) = C 20 ([40, 41, 42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38], 6, 5, 4, 26, 25) , lk(40) = C 20 ([39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43, 42, 41], 24, 25, 26, 4, 5) , lk(6) = C 20 ([7, 8, 9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5] , 39, 38, 37, 29, 30), lk(7) = C 20 ([6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10, 9, 8] , 31, 30, 29, 37, 38), lk(29) = C 20 ([30, 31, 32, 33, 16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28], 36, 37, 38, 6, 7) , lk(30) = C 20 ([29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17, 16, 33, 32, 31], 8, 7, 6, 38, 37) , lk (37) = C 20 ([38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36], 28, 29, 30, 7, 6) , lk(38) = C 20 ([37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43, 42, 41, 40, 39], 5, 6, 7, 30, 29) , lk(8) = C 20 ([9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7], 30, 31, 32, 45, 46) , lk(9) = C 20 ([8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10], 47, 46, 45, 32, 31) , lk(31) = C 20 ([32, 33, 16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30], 7, 8, 9, 46, 45) , lk(32) = C 20 ([31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17, 16, 33], 44, 45, 46, 9, 8) , lk(45) = C 20 ([46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44], 33, 32, 31, 8, 9) , lk(46) = C 20 ([45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47], 10, 9, 8, 31, 32) , lk (12) = C 20 ([13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11], 22, 23, 24, 41, 42) , lk(13) = C 20 ([12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14], 43, 42, 41, 24, 23) , lk(23) = C 20 ([24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18, 21, 22], 11, 12, 13, 42, 41) , lk (24) = C 20 ([23, 22, 21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27, 26, 25], 40, 41, 42, 13, 12) , lk(41) = C 20 ([42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40], 25, 24, 23, 12, 13) , lk(42) = C 20 ([41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43], 14, 13, 12, 23, 24) . This map is isomorphic to M 2 (4, 6, 16) as given in Section 2, by the map (0, 7)(1, 6)(2, 5)(3, 4)(8, 15)(9, 14)(10, 13) (11, 12) (16, 31) (17, 30) (18, 29) (19, 45, 41, 37) (20, 46, 42, 38) (21, 28) (22, 27) (23, 26)(24, 25)(32, 33)(34, 44, 40, 36)(35, 47, 43, 39) . Subcase 1.3 : If (k, j) = (13, 12) then successively we get lk(12) = C 20 ([13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11], 23, 22, 21, 34, 47) , lk(13) = C 20 ([12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14],46, 47, 34, 21, 22) , lk(21) = C 20 ([22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18], 19, 34, 47, 13, 12) , lk(22) = C 20 ([21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23], 11, 12, 13, 47, 34) , lk(34) = C 20 ([47, 46, 45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19], 18, 21, 22, 12, 13) , lk(47) = C 20 ([34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46], 14, 13, 12, 22, 21) , lk(33) = C 20 ([16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32], 44, 45, 46, 14, 15) , lk(14) = C 20 ([15, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13], 47, 46, 45, 33, 16) , lk(15) = C 20 ([14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0], 17, 16, 33, 45, 46) , lk(16) = C 20 ([33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17], 0, 15, 14, 46, 45) , lk(45) = C 20 ([46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44],32, 33, 16, 15, 14) , lk(46) = C 20 ([45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47], 13, 14, 15, 16, 33) and lk(44) = C 20 ([43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45] , 33, 32, 31, m, n) for some m, n ∈ V . In this case, (m, n) ∈ {(6, 7), (7, 6) , (8, 9) , (9, 8) }. If (m, n) = (6, 7) then successively considering lk(6), lk (7), lk(31), lk(32), lk(43), lk(44), lk(4), lk (5), we see 25 29 as an edge and a non-edge both. If (m, n) = (9, 8) then successively considering lk (8) , lk (9), lk(31), lk(32), lk(43), lk(44), lk(10), lk (11) we see 24 29 as an edge and a non-edge both. So we have (m, n) ∈ { (7, 6) , (8, 9) }.
If (m, n) = (7, 6) then completing successively we get lk(44) = C 20 ([43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45], 33, 32, 31, 7, 6) , lk(6) = C 20 ([7, 8, 9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5] , 42, 43, 44, 32, 31), lk(7) = C 20 ([6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10, 9, 8] , 30, 31, 32, 44, 43), lk(31) = C 20 ([32, 33, 16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30], 8, 7, 6, 43, 44) , lk(32) = C 20 ([31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17, 16, 33], 45, 44, 43, 6, 7) , lk(43) = C 20 ([44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42], 5, 6, 7, 31, 32) , lk(4) = C 20 ([5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3] , 27, 26, 25, 41, 42), lk(5) = C 20 ([4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6], 43, 42, 41, 25, 26) , lk(25) = C 20 ([26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18, 21, 22, 23, 24],40, 41, 42, 5, 4) , lk(26) = C 20 ([25, 24, 23, 22, 21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27], 3, 4, 5, 42, 41) , lk(41) = C 20 ([42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40], 24, 25, 26, 4, 5) , lk(42) = C 20 ([41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43], 6, 5, 4, 26, 25) , lk(8) = C 20 ([9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7] , 31, 30, 29, 37, 38), lk(9) = C 20 ([8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10] , 39, 38, 37, 29, 30), lk(29) = C 20 ([30, 31, 32, 33, 16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28], 36, 37, 38, 9, 8) , lk(30) = C 20 ([29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17, 16, 33, 32, 31], 7, 8, 9, 38, 37) , lk(37) = C 20 ([38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36], 28, 29, 30, 8, 9) , lk(38) = C 20 ([37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43, 42, 41, 40, 39], 10, 9, 8, 30, 29) , lk(10) = C 20 ([11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9] , 38, 39, 40, 24, 23), lk(11) = C 20 ([10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12], 22, 23, 24, 40, 39) , lk(23) = C 20 ([24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18, 21, 22], 12, 11, 10, 39, 40) , lk(24) = C 20 ([23, 22, 21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27, 26, 25], 41, 40, 39, 10, 11) , lk(39) = C 20 ([40, 41, 42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38],9, 10, 11, 23, 24) , lk(40) = C 20 ([39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43, 42, 41], 25, 24, 23, 11, 10) . This is isomorphic to M 2 (4, 6, 16) by the map (0, 1)(2, 15)(3, 14)(4, 13)(5, 12)(6, 11)(7, 10)(8, 9) (16, 35) (17, 20) (18, 19) If (m, n) = (8, 9) then completing successively we get lk(44) = C 20 ([43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45], 33, 32, 31, 8, 9) , lk(43) = C 20 ([44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42], 10, 9, 8, 31, 32) , lk(31) = C 20 ([32, 33, 16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30], 7, 8, 9, 43, 44) , lk(32) = C 20 ([31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17, 16, 33],45, 44, 43, 9, 8) , lk(8) = C 20 ([9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7] , 30, 31, 32, 44, 43), lk (9) = C 20 ([8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10] , 42, 43, 44, 32, 31),lk(4) = C 20 ([5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3] , 27, 26, 25, 40, 39), lk(5) = C 20 ([4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6] , 38, 39, 40, 25, 26), lk(25) = C 20 ([26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18, 21, 22, 23, 24] , 41, 40, 39, 5, 4), lk(26) = C 20 ([25, 24, 23, 22, 21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27], 3, 4, 5, 39, 40) , lk(39) = C 20 ([40, 41, 42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38], 6, 5, 4, 26, 25) , lk (40) = C 20 ([39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43, 42, 41], 24, 25, 26, 4, 5) , lk(6) = C 20 ([7, 8, 9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5], 39, 38, 37, 29, 30) , lk(7) = C 20 ([6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10, 9, 8], 31, 30, 29, 37, 38) , lk(29) = C 20 ([30, 31, 32, 33, 16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28], 36, 37, 38, 6, 7) , lk(30) = C 20 ([29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17, 16, 33, 32, 31], 8, 7, 6, 38, 37) , lk(37) = C 20 ([38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36], 28, 29, 30, 7, 6) , lk(38) = C 20 ([37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43, 42, 41, 40, 39], 5, 6, 7, 30, 29) , lk (10) = C 20 ([11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9], 43, 42, 41, 24, 23) , lk(11) = C 20 ([10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12], 22, 23, 24, 41, 42) , lk(23) = C 20 ([24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18, 21, 22], 12, 11, 10, 42, 41) , lk(24) = C 20 ([23, 22, 21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27, 26, 25], 40, 41, 42, 10, 11) , lk(41) = C 20 ([42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40], 25, 24, 23, 11, 10) , lk(42) = C 20 ([41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43], 9, 10, 11, 23, 24) . This is isomorphic to M 1 (4, 6, 16) by the map (0, 1) (2, 15) (3, 14)(4, 13)(5, 12)(6, 11)(7, 10)(8, 9) (16, 35) (17, 20) (18, 19) (21, 34) (22, 47) (23, 46)(24, 45)(25, 44)(26, 43)(27, 42)(28, 41)(29, 40)(30, 39)(31, 38)(32, 37)(33, 36) . This completes the search for (c, d) = (27, 28). Case 2 : If (c, d) = (30, 29) then constructing successively we get lk(2) = C 20 ([3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 0, 1], 20, 35, 36, 29, 30) , lk(3) = C 20 ([2, 1, 0, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4], 31, 30, 29, 36, 35) , lk(29) = C 20 ([30, 31, 32, 33, 16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28], 37, 36, 35, 2, 3) , lk(30) = C 20 ([29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17, 16, 33, 32, 31], 4, 3, 2, 35, 36) , lk(35) = C 20 ([36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 34, 19, 20], 1, 2, 3, 30, 29) , lk(36) = C 20 ([35, 20, 19, 34, 47, 46, 45, 44, 43, 42, 41, 40, 39, 38, 37], 28, 29, 30, 3, 2) and lk(31) = C 20 ([32, 33, 16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30], 3, 4, 5, k, j) for some k, j ∈ V . In this case, (k, j) ∈ {(39, 40), (40, 39), (41, 42), (42, 41), (43, 44), (44, 43), (45, 46), (46, 45) }. If (k, j) = (40, 39) then successively considering lk(4), lk(5), lk(31), lk(32), lk(39), lk(40), lk(33), lk(27), lk(28), lk(37), lk(38), it is easy to see that lk (16) and lk (17) can not be completed. Now, proceeding similarly for (k, j) ∈ {(41, 42), (44, 43) , (45, 46)}, we see that the map does not exist. Also, (42, 41) ∼ = (46, 45) by the map (0, 5)(1, 4)(2, 3)(6, 15) (7, 14)(8, 13) (9, 12) (10, 11)(16, 47) (17, 46) (18, 45) (19, 32) (20, 31) (21, 44) (22, 43) (23, 42)(24, 41)(25, 40)(26, 39)(27, 38)(28, 37)(29, 36)(30, 35) . So, we search the map for (k, j) ∈ {(39, 40), (42, 41), (43, 44)}. Subcase 2.1 : If (k, j) = (39, 40) then constructing successively we get lk(4) = C 20 ([5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3], 30, 31, 32, 40, 39) , lk(5) = C 20 ([4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6],38, 39, 40, 32, 31) , lk(39) = C 20 ([40, 41, 42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38], 6, 5, 4, 31, 32) , lk(40) = C 20 ([39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43, 42, 41], 33, 32, 31, 4, 5) , lk(31) = C 20 ([32, 33, 16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30], 3, 4, 5, 30, 40) , lk(32) = C 20 ([31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17, 16, 33], 41, 40, 39, 5, 4) , lk(6) = C 20 ([7, 8, 9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5], 39, 38, 37, 28, 27) , lk(7) = C 20 ([6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10, 9, 8], 26, 27, 28, 37, 38) , lk(27) = C 20 ([28, 29, 30, 31, 32, 33, 16, 17, 18, 21, 22, 23, 24, 25, 26], 8, 7, 6, 38, 37) , lk(28) = C 20 ([27, 26, 25, 24, 23, 22, 21, 18, 17, 16, 33, 32, 31, 30, 29], 36, 37, 38, 6, 7) , lk(37) = C 20 ([38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36], 29, 28, 27, 7, 6) , lk (38) = C 20 ([37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43, 42, 41, 40, 39], 5, 6, 7, 27, 28) , lk(14) = C 20 ([15, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13], 43, 42, 41, 33, 16) , lk(15) = C 20 ([14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0], 17, 16, 33, 41, 42) , lk(16) = C 20 ([33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17], 0, 15, 14, 42, 41) , lk(33) = C 20 ([16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32],40, 41, 42, 14, 15) , lk(41) = C 20 ([42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40], 32, 33, 16, 15, 14) , lk(42) = C 20 ([41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43], 13, 14, 15, 16, 33) and lk(21) = C 20 ([22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18], 19, 34, 47, m, n) for some m, n ∈ V . In this case, (m, n) ∈ { (10, 11) , (11, 10) }. If (m, n) = (11, 10) then successively considering lk (10) , lk (11), lk(21) , lk (22) , lk(34), lk(47), lk (12) , lk (13), we see that lk (44) can not be completed. So (m, n) = (10, 11) .
Then completing successively we get lk(21) = C 20 ([22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18], 19, 34, 47, 10, 11) , lk(22) = C 20 ([21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23], 12, 11, 10, 47, 34) , lk(10) = C 20 ([11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9], 46, 47, 34, 21, 22) , lk(11) = C 20 ([10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12], 23, 22, 21, 34, 47) , lk(34) = C 20 ([47, 46, 45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19], 18, 21, 22, 11, 10) , lk(47) = C 20 ([34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46], 9, 10, 11, 22, 21) , lk(8) = C 20 ([9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7], 27, 26, 25, 45, 46) , lk(9) = C 20 ([8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10], 47, 46, 45, 25, 26) , lk(25) = C 20 ([26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18, 21, 22, 23, 24], 44, 45, 46, 9, 8) , lk(26) = C 20 ([25, 24, 23, 22, 21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27], 7, 8, 9, 46, 45) , lk(45) = C 20 ([46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44], 24, 25, 26, 8, 9) , lk(46) = C 20 ([45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47], 10, 9, 8, 26, 25) , lk(12) = C 20 ([13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11], 22, 23, 24, 44, 43) , lk(13) = C 20 ([12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14], 42, 43, 44, 24, 23) , lk(23) = C 20 ([24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18, 21, 22], 11, 12, 13, 43, 44) , lk (24) = C 20 ([23, 22, 21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27, 26, 25], 45, 44, 43, 13, 12) , lk(43) = C 20 ([44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42], 14, 13, 12, 23, 24) , lk(44) = C 20 ([43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45], 25, 24, 23, 12, 13) . This is isomorphic to M 1 (4, 6, 16) by the map (0, 7)(1, 6)(2, 5)(3, 4) (8, 15)(9, 14)(10, 13)(11, 12)(16, 26) (17, 27) (18, 28) (19, 45, 41, 37) (20, 46, 42, 38) (21, 29) (22, 30) (23, 31)(24, 32)(25, 33)(34, 44, 40, 36)(35, 47, 43, 39) . Subcase 2.2 : If (k, j) = (42, 41) then successively we get lk(4) = C 20 ([5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3] , 30, 31, 32, 41, 42), lk(5) = C 20 ([4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6] , 43, 42, 41, 32, 31), lk(41) = C 20 ([42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40], 33, 32, 31, 4, 5) , lk(42) = C 20 ([41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43], 6, 5, 4, 31, 32) , lk(31) = C 20 ([32, 33, 16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30], 3, 4, 5, 42, 41) , lk(32) = C 20 ([31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17, 16, 33], 40, 41, 42, 5, 4) , lk(13) = C 20 ([12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14] , 39, 38, 37, 28, 27), lk(27) = C 20 ([28, 29, 30, 31, 32, 33, 16, 17, 18, 21, 22, 23, 24, 25, 26], 11, 12, 13, 38, 37) , lk(28) = C 20 ([27, 26, 25, 24, 23, 22, 21, 18, 17, 16, 33, 32, 31, 30, 29], 36, 37, 38, 13, 12) , lk(37) = C 20 ([38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36], 29, 28, 27, 12, 13) , lk(38) = C 20 ([37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43, 42, 41, 40, 39],14, 13, 12, 27, 28) and lk(21) = C 20 ([22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18] , 19, 34, 47, m, n) for some m, n ∈ V . In this case, (m, n) ∈ { (8, 9) , (9, 8) }. If (m, n) = (8, 9) then successively considering lk (8) , lk (9) , lk(21), lk (22) , lk(34), lk(47), we see that lk(24) and lk(25) can not be completed. If (m, n) = (9, 8) then completing successively we get lk(21) = C 20 ([22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18], 19, 34, 47, 9, 8) , lk(22) = C 20 ([21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23], 7, 8, 9, 47, 34) , lk(8) = C 20 ([9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7] , 23, 22, 21, 34, 47) , lk(9) = C 20 ([8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10], 46, 47, 34, 21, 22) , lk(34) = C 20 ([47, 46, 45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19], 18, 21, 22, 8, 9) , lk(47) = C 20 ([34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46], 10, 9, 8, 22, 21) , lk(6) = C 20 ([7, 8, 9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5], 42, 43, 44, 24, 23) , lk(7) = C 20 ([6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10, 9, 8], 22, 23, 24, 44, 43) , lk(23) = C 20 ([24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18, 21, 22], 8, 7, 6, 43, 44) , lk(24) = C 20 ([23, 22, 21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27, 26, 25], 45, 44, 43, 6, 7) , lk(43) = C 20 ([44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42], 5, 6, 7, 23, 24) , lk(44) = C 20 ([43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45], 25, 24, 23, 7, 6) , lk(10) = C 20 ([11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9], 47, 46, 45, 25, 26) , lk(11) = C 20 ([10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12], 27, 26, 25, 45, 46) , lk(25) = C 20 ([26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18, 21, 22, 23, 24], 44, 45, 46, 10, 11) , lk(26) = C 20 ([25, 24, 23, 22, 21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27], 12, 11, 10, 46, 45) , lk(45) = C 20 ([46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44], 24, 25, 26, 11, 10) , lk(46) = C 20 ([45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47], 9, 10, 11, 26, 25) , lk(14) = C 20 ([15, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13], 38, 39, 40, 33, 16) , lk(15) = C 20 ([14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0], 17, 16, 33, 40, 39) , lk(16) = C 20 ([33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17], 0, 15, 14, 39, 40) , lk(33) = C 20 ([16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32], 41, 40, 39, 14, 15) , lk(39) = C 20 ([40, 41, 42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38], 13, 14, 15, 16, 33) . This is isomorphic to M 2 (4, 6, 16) by the map (0, 11)(1, 10)(2, 9)(3, 8)(4, 7)(5, 6)(12, 15) (13, 14) (16, 27) (17, 26) (18, 25) (19, 37, 41, 45) (20, 38, 42, 46) (21, 24) (22, 23)(28, 33)(29, 32)(30, 31)(34, 36, 40, 44)(35, 39, 43, 47) . Subcase 2.3 : If (k, j) = (43, 44) then constructing successively we get lk(4) = C 20 ([5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3] , 30, 31, 32, 44, 43), lk(5) = C 20 ([4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6],42, 43, 44, 32, 31) , lk(43) = C 20 ([44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42], 6, 5, 4, 31, 32) , lk(44) = C 20 ([43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45], 33, 32, 31, 4, 5) , lk(31) = C 20 ([32, 33, 16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30], 3, 4, 5, 43, 44) , lk(32) = C 20 ([31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17, 16, 33], 45, 44, 43, 5, 4) , lk(14) = C 20 ([15, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13], 47, 46, 45, 33, 16) , lk(15) = C 20 ([14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0], 17, 16, 33, 45, 46) , lk(16) = C 20 ([33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 18, 17], 0, 15, 14, 46, 45) , lk(33) = C 20 ([16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32], 44, 45, 46, 14, 15) , lk(45) = C 20 ([46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44], 32, 33, 16, 15, 14) , lk(46) = C 20 ([45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 47], 13, 14, 15, 16, 33) , lk(12) = C 20 ([13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11], 23, 22, 21, 34, 47) , lk(13) = C 20 ([12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14], 46, 47, 34, 21, 22) , lk(47) = C 20 ([34, 19, 20, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46], 14, 13, 12, 22, 21) , lk(34) = C 20 ([47, 46, 45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 20, 19], 18, 21, 22, 12, 13) , lk(21) = C 20 ([22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 16, 17, 18], 19, 34, 47, 13, 12) , lk (22) = C 20 ([21, 18, 17, 16, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23], 11, 12, 13, 47, 34) and lk(37) = C 20 ([38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36] , 29, 28, 27, m, n) for some m, n ∈ V . Observe that (m, n) ∈ { (8, 9) , (9, 8) }. In case (m, n) = (9, 8) , completing lk (8) , lk (9) , lk(27), lk(28), lk(37), lk(38), we see easily that lk(24) and lk(25) can not be completed. On the other hand when (m, n) = (8, 9) then completing successively we get lk(37) = C 20 ([38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36], 29, 28, 27, 8, 9) , lk(38) = C 20 ([37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43, 42, 41, 40, 39], 10, 9, 8, 27, 28) , lk(8) = C 20 ([9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5, 6, 7] , 26, 27, 28, 37, 38), lk(9) = C 20 ([8, 7, 6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10] , 39, 38, 37, 28, 27), lk(27) = C 20 ([28, 29, 30, 31, 32, 33, 16, 17, 18, 21, 22, 23, 24, 25, 26], 7, 8, 9, 38, 37) , lk(28) = C 20 ([27, 26, 25, 24, 23, 22, 21, 18, 17, 16, 33, 32, 31, 30, 29], 36, 37, 38, 9, 8) , lk(6) = C 20 ([7, 8, 9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5], 43, 42, 41, 25, 26) , lk(7) = C 20 ([6, 5, 4, 3, 2, 1, 0, 15, 14, 13, 12, 11, 10, 9, 8], 27, 26, 25, 41, 42) , lk(41) = C 20 ([42, 43, 44, 45, 46, 47, 34, 19, 20, 35, 36, 37, 38, 39, 40], 24, 25, 26, 7, 6) , lk(42) = C 20 ([41, 40, 39, 38, 37, 36, 35, 20, 19, 34, 38, 37, 36, 35, 20, 19, 34, 47, 46, 45, 44, 43, 42, 41], 24, 25, 26, 12, 13) . This is isomorphic to M 2 (4, 6, 16) by the map (0, 3)(1, 2)(4, 15)(5, 14)(6, 13) (7, 12) (8, 11)(9, 10) (16, 22, 26, 30) (17, 23, 27, 31) (18, 24, 28, 32) (19, 36) (20, 35) (21, 25, 29, 33) Assume that, lk(0) = C 14 ([1, 2, 3, 4, 5, 6, 7], 8, 9, 10, 11, 12, 13, 14) . This implies lk(11) = C 14 ([12, 19, 18, 17, 16, 15, 10], 9, 8, 7, 0, 1, 14, 13) and lk(8) = C 14 ([9, f, e, d, c, b, a], g, h, 6, 7, 0, 11, 10) for some a, b, c, d, e, f, g, h ∈ V . Then we get the partial picture of the map as shown in Figure II . Let V (O i ), for i = 1, 2, 3, denote the vertex set of octagonal face O i then we see that V (O 1 ) = {0, 1, 2, 3, 4, 5, 6, 7}, V (O 2 ) = {10, 11, 12, 15, 16, 17, 18, 19} and V (O 3 ) = {8, 9, 13, 14, 20, 21, 22, 23} . In this case we observe that a ∈ {13, 14, 20}. ([9, 23, 22, 21, 20, 14, 13], 12, 19, 6, 7, 0, 11, 10) , lk(7) = C 14 ([0, 1, 2, 3, 4, 5, 6], 19, 12, 13, 8, 9, 10, 11) , lk(12) = C 14 ([19, 18, 17, 16, 15, 10, 11] , 0, 1, 14, 13, 8, 7, 6) , lk(13) = C 14 ([8, 9, 23, 22, 21, 20, 14] , 1, 0, 11, 12, 19, 6, 7) and lk(19) = C 14 ([18, 17, 16, 15, 10, 11, 12] , 13, 8, 7, 6, 5, j, i) for some i, j ∈ V (O 3 ). Then we see that (j, i) ∈ { (20, 21) , (21, 20) , (21, 22) , (23, 22) }. Observe that (23, 22) ∼ = (21, 20) by the map (0, 11)(1, 10) (2, 15) (3, 16) (4, 17) (5, 18) (6, 19) (7, 12) (8, 13) (9, 14) (20, 23) (21, 22) , so we search for (j, i) ∈ { (20, 21) , (21, 20) , (21, 22) }. ([20, 14, 13, 21, 22, 23, 9], 10, 11, 0, 7, 6, h, g ) for some g, h ∈ V (O 2 ). In this case (g, h) ∈ { (16, 15) , (16, 17) , (17, 16) , (17, 18) , (18, 17) , (18, 19) }. If (g, h) ∈ { (17, 16) , (17, 18) } then considering lk (8) and lk(6) successively we see lk (15) or lk (19) can not be completed. For the remaining values of (g, h) we have following : Subcase 3.1.1 : If (g, h) = (16, 15) then lk(8) = C 14 ([20, 14, 13, 21, 22, 23, 9] , 10, 11, 0, 7, 6, 15, 16) , lk(7) = C 14 ([0, 1, 2, 3, 4, 5, 6] , 15, 16, 20, 8, 9, 10, 11) , lk(6) = C 14 ([5, 4, 3, 2, 1, 0, 7], 8, 20, 16, 15, 10, 9, 23) , lk(15) = C 14 ([16, 17, 18, 19, 12, 11, 10], 9, 23, 5, 6, 7, 8, 20) , and lk(5) = C 14 ([4, 3, 2, 1, 0, 7, 6],15, 10, 9, 23, 22, i, j) for some i, j ∈ V (O 2 ). Observe that (i, j) ∈ { (18, 19) , (19, 18) }. If (i, j) = (19, 18) then considering lk (5) we see that lk (22) can not be completed. On the other hand when (i, j) = (18, 19) then lk(23) = C 14 ([9, 8, 20, 14, 13, 21, 22], 18, 19, 4, 5, 6, 15, 10) , completing successively we get lk(1) = C 14 ([0, 7, 6, 5, 4, 3, 2], 17, 16, 20, 14, 13, 12, 11) , lk(14) = C 14 ([20, 8, 9, 23, 22, 21, 13], 12, 11, 0, 1, 2, 17, 16) , lk(2) = C 14 ([3, 4, 5, 6, 7, 0, 1], 14, 20, 16, 17, 18, 22, 21) , lk(17) = C 14 ([16, 15, 10, 11, 12, 19, 18], 22, 21, 3, 2, 1, 14, 20) , lk (3) = C 14 ([4, 5, 6, 7, 0, 1, 2], 17, 18, 22, 21, 13, 12, 19) , lk(21) = C 14 ([13, 14, 20, 8, 9, 23, 22], 18, 17, 2, 3, 4, 19, 12) , lk(4) = C 14 ([5, 6, 7, 0, 1, 2, 3] , 21, 13, 12, 19, 18, 22, 23) , lk(19) = C 14 ([12, 11, 10, 15, 16, 17, 18], 22, 23, 5, 4, 3, 21, 13) , lk(9) = C 14 ([8, 20, 14, 13, 21, 22, 23], 5, 6, 15, 10, 11, 0, 7) , lk(10) = C 14 ([15, 16, 17, 18, 19, 12, 11], 0, 7, 8, 9, 23, 5, 6) , lk(12) = C 14 ([11, 10, 15, 16, 17, 18, 19], 4, 3, 21, 13, 14, 1, 0) , lk(13) = C 14 ([14, 20, 8, 9, 23, 22, 21] , 3, 4, 19, 12, 11, 0, 1) , lk(16) = C 14 ([15, 10, 11, 12, 19, 18, 17], 2, 1, 14, 20, 8, 7, 6) , lk(20) = C 14 ([8, 9, 23, 22, 21, 13, 14] , 1, 2, 17, 16, 15, 6, 7) , lk(18) = C 14 ([17, 16, 15, 10, 11, 12, 19] , 4, 5, 23, 22, 21, 3, 2) , lk(22) = C 14 ([23, 9, 8, 20, 14, 13, 21] , 3, 2, 17, 18, 19, 4, 5) . This is isomorphic to N 1 (6 2 , 8) by the map (0, 14, 18, 4, 23, 10) (1, 20, 19, 3, 22, 15, 7, 13, 17, 5, 9, 11) (2, 21, 16, 6, 8, 12) . Subcase 3.1.2 : If (g, h) = (16, 17) then lk(8) = C 14 ([20, 14, 13, 21, 22, 23, 9] , 10, 11, 0, 7, 6, 17, 16) , lk(7) = C 14 ([0, 1, 2, 3, 4, 5, 6], 17, 16, 20, 8, 9, 10, 11) , lk(6) = C 14 ([5, 4, 3, 2, 1, 0, 7], 8, 20, 16, 17, 18, i, j) for some i, j ∈ V (O 3 ). We see easily that (i, j) ∈ { (21, 22) , (22, 21) , (22, 23) , (23, 22) }. If (i, j) = (21, 22) then successively considering lk (6) and lk (5) we see that lk (23) can not be completed. If (i, j) = (23, 22) then considering lk (6) we see that lk (18) can not be completed. If (i, j) = (22, 23) then successively considering lk (6) ,lk (5) and lk(4) we get deg(14) > 3, a contradiction. If (i, j) = (22, 21) then lk(17) = C 14 ([16, 15, 10, 11, 12, 19, 18], 22, 21, 5, 6, 7, 8, 20) , completing successively we get lk(5) = C 14 ([4, 3, 2, 1, 0, 7, 6], 17, 18, 22, 21, 13, 12, 19) , lk(21) = C 14 ([13, 14, 20, 8, 9, 23, 22], 18, 17, 6, 5, 4, 19, 12) , lk(4) = C 14 ([5, 6, 7, 0, 1, 2, 3] , 23, 22, 18, 19, 12, 13, 21) , lk(19) = C 14 ([12, 11, 10, 15, 16, 17, 18], 22, 23, 3, 4, 5, 21, 13) , lk(1) = C 14 ([0, 7, 6, 5, 4, 3, 2] , 15, 16, 20, 14, 13, 12, 11) , lk (14) = C 14 ([20, 8, 9, 23, 22, 21, 13], 12, 11, 0, 1, 2, 15, 16) , lk(2) = C 14 ([3, 4, 5, 6, 7, 0, 1], 14, 20, 16, 15, 10, 9, 23) , lk(15) = C 14 ([16, 17, 18, 19, 12, 11, 10], 9, 23, 3, 2, 1, 14, 20) , lk(3) = C 14 ([4, 5, 6, 7, 0, 1, 2], 15, 10, 9, 23, 22, 18, 19) , lk(23) = C 14 ([9, 8, 20, 14, 13, 21, 22], 18, 19, 4, 3, 2, 15, 10) , lk(9) = C 14 ([8, 20, 14, 13, 21, 22, 23], 3, 2, 15, 10, 11, 0, 7) , lk(10) = C 14 ([15, 16, 17, 18, 19, 12, 11], 0, 7, 8, 9, 23, 3, 2) ,
